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Abstract 

Aim: We aimed to examine the relationship between OCT findings and oxidation and antioxidation balance, which is thought to have a role in the etiopathogenesis 
of the disease in patients with fibromyalgia. 

Material and Methods: A total of 39 female patients with FMS and 41 healthy volunteers were included in the study. Plasma native thiol (NT), total thiol (TT), 
disulfide (DS), NT/TT, DS/NT, DS/TT, TOS, TAS and OSI values, and eye OCT measurements were evaluated. Regarding OCT measurements, the subfoveal 
choroid layer, retinal nerve fiber layer, ganglion cell layer, and macular thickness were assessed. 

Results: When compared to the healthy control group, TAS, TOS, NT, TT, DS levels were high in the FMS patient group (all p<0.05), whereas other measurements 
were found to be similar (all p >0.05). The increase in TOS levels (p<0.001) in the FMS group was much more significant than the increase in TAS levels 
(p=0.030). In terms of OCT findings, there was no significant difference between the right and left eye subfoveal choroid thicknesses between the two groups 
(both <0.001). 

Discussion: The increase in TOS levels suggests that the level of antioxidants for compensation of increased oxidant status also increases because it is much 
higher than TAS increase. Since the OSI values are similar, we can state that we did not detect an increase in oxidative stress. We think that FMS patients with 
high FIQ scores, symptoms, and complaints should be evaluated in terms of oxidative stress and related possible complications. 
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Introduction 

Fibromyalgia syndrome (FMS) is one of the most common 
causes of chronic widespread musculoskeletal pain, the 
etiopathogenesis of which has not yet been determined, and 
systemic symptoms are often accompanied. Autonomic nervous 
system dysregulation and increased oxidative stress are two of 
the many factors implicated in the etiopathogenesis [1]. 
During oxidative phosphorylation, where most of the body’s 
energy is produced, free oxygen radicals are formed. In the 
normal state, there is a balance between reactive oxygen 
species (ROS) and antioxidants in the intracellular, membranes 
and extracellular spaces. The increase in oxidative stress is due 
to the imbalance between oxidation products and antioxidant 
defense products. Parameters such as thiol/disulfide balance, 
total oxidant status (TOS), total antioxidant status (TAS) and 
oxidative stress index (OSI) are used to calculate the balance 
between oxidation and antioxidation. Thiols are important 
antioxidants and form reversible disulfide bonds with reactive 
oxygen radicals in order to balance oxidative stress in the 
body. It has an important role in many cellular activities such 
as thiol/disulfide homeostasis, maintenance of oxidant/ 
antioxidant balance, detoxification, cellular signal transduction, 
transcription, cell growth and apoptosis. The etiopathogenetic 
role of changes in thiol/disulfide homeostasis in hypertension, 
preeclampsia, many autoimmune diseases, gastrointestinal 
and cardiovascular system diseases has been investigated 
previously. It is thought that imbalances in thiol/disulfide 
homeostasis cause an increase in oxidative stress products, 
leading to the emergence of diseases through inflammation 
[2, 3]. Although there are a limited number of studies in the 
literature examining the thiol/disulfide balance or TAS, TOS 
values in FMS, we found only one study in which both parameters 
were studied together [4]. 

Optical coherence tomography (OCT) devices can be used in 
the diagnosis and follow-up of diseases by obtaining high- 
resolution tomographic images in biological tissues, especially 
in the eye, without using any contrast agent or radiation[5,6]. 
The number of studies evaluating the OCT findings of patients 
with FMS is very limited [7]. 

In our study, we aimed to examine the relationship between 
OCT findings and oxidation and antioxidation balance, which is 
thought to have a role in the etiopathogenesis of the disease 
in patients with FMS. Despite our extensive literature review, 
our study is a first in this regard, as we have not found any 
publication examining the OCT findings of patients with FMS 
and the oxidant/antioxidant balance relationship. 


Material and Methods 

Female patients with FMS, aged 20-50 years, with old and 
new diagnoses, who applied to the Physical Medicine and 
Rehabilitation outpatient clinic between March 2019 and 
March 2020, and healthy volunteer women in the same age 
group were included in the study. 

The participants in our study were divided into two groups as 
those with FMS and healthy volunteers. Demographic data of 
both groups were recorded. In addition, venous blood samples 
were taken from the forearm of the two groups and intraocular 
pressure was measured before the OCT procedure. The 2010 


ACR diagnostic criteria, Fibromyalgia Impact Questionnaire 
(FIQ) and Visual Pain Scale (VAS) were filled in the FMS group. 
A 5 cc tube blood sample of both groups included in the study 
was taken and stored at -80°C until the study time. Serum total 
oxidant, total antioxidant parameters and thiol/disulfite levels 
were studied considering the manufacturer’s recommendations 
and expiration dates. 

In addition to the characteristics of all participants such as age, 
BMI, smoking, occupation, marital status, number of children, 
sports/exercise habits, duration of diagnosis and medical 
treatments of FMS patients were recorded. 

In order to evaluate the central macular, optic nerve and 
choroidal thicknesses of all participants, SD-OCT recordings 
were made with the Heidelberg spectralis OCT device 
(Heidelberg Engineering, Heidelberg, Germany) in our hospital. 
All results were evaluated by the same ophthalmologist. In this 
evaluation, retinal nerve fiber thickness, ganglion cell layer 
thickness, subfoveal choroidal layer thickness and macular 
thickness were evaluated. In addition, in order to exclude retinal 
nerve fiber thickness and eye hypertension affecting other 
structures, eye pressures of all groups were measured before 
extraction and those less than 21 mmHg were included in the 
study. This study was produced in the specialization thesis. 
Statistical Analysis 

Statistical Package for the Social Sciences (SPSS) 20 for 
Windows package program (SPSS Inc., Armonk, NY USA) was 
used for data analysis. The Shapiro Wilk Test and histogram 
graphs were used to assess whether the data conformed to 
the normal distribution. Descriptive statistics were given as 
mean+standard deviation, median (minimum-maximum), or 
number and percentage. Numerical data between groups 
were compared using Student’s t test or Mann Whitney U test. 
Categorical data were compared using Chi-Square or Fischer’s 
Exact test. Pearson or Spearman correlation tests were used for 
correlation analysis. The relationship between the parameters 
that were significant between the groups was determined by 
multiple linear regression analysis. P<O.05 was considered 
statistically significant. 

Ethical Approval 

This study was approved by the Ethics Committee of Harran 


University, Faculty of Medicine (Date: 2019-03-11, No: 
HRU/19.03.03). 
Results 


39 women with FMS and 41 healthy volunteer women aged 
20-50 years were included in the study. The mean age of 
all participants was 34.4+6.9 years, and their mean BMI 
was 24.5+2.8 kg/m2. The mean values of the right and left 
intraocular pressures of the participants were measured as 
14.9+2.4mmHg and 14.7+2.7mmHg, respectively. While 82.1% 
(n=32) of FMS patients were married, 68.3% (n=28) of healthy 
volunteers were married. While 94.9% (n=37) of those with FMS 
were housewives, this rate was 43.9% in the other group. While 
there was no participant with a history of alcohol use, the rate 
of smoking was 20.5% (n=8) in the group with FMS, while this 
rate was 12.2% (n=5) in the healthy group. 

The comparison of demographic and OCT measurement values 
of the group with FMS and the group consisting of healthy 
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volunteers is shown in Table 1. In the OCT findings of both 
groups, only the right and left eye subfoveal choroidal thickness 
measurements were significantly different, and these two 
values were lower in the FMS group. 

Comparative blood tests for the examination of oxidative 
stress parameters and thiol/difulfide balance of the two groups 
are summarized in Table 1. TOS and TAS values were found to 
be significantly higher in the group with FMS. 

The correlations demographic and 
characteristics of FMS patients and healthy control group 
are summarized in Table 2. There was a negative correlation 
between the ages of all participants and their native and total 
Thiol values. FMS diagnosis time was not correlated with any 
blood or OCT finding, except for a positive correlation with 
TAS level. While there were no findings correlated with VAS, 
FIQ was positively correlated with OSI. Right and left eye RNFL 
measurements were negatively correlated with native thiol and 
total thiol only in the healthy group. It was determined that the 
macular thickness of the right and left eyes were negatively 
correlated with TAS levels only in the FMS group. 

The relationship between oxidant-antioxidant results and 


between clinical 


eye findings, which differed significantly between the FMS 
group and the healthy control group, and FMS after excluding 
(normalizing) the effect of age, BMI, and smoking by regression 
analysis is summarized in Table 3. 


Discussion 

There are studies suggesting that oxidative stress disorder 
may play a role in the pathogenesis of fibromyalgia syndrome 
[4]. Increased oxidative stress results from an imbalance 
between oxidation products and antioxidant defense products. 
It has been stated that increased oxidative stress may lead to 
some inflammatory clinical conditions. Recent data suggest 
an association between oxidative stress and pain. Lipid 
peroxidation resulting from increased oxidative stress has been 
described in patients suffering from depression and fatigue, 
and these two typical symptoms are also frequently found in 
FMS patients [1, 4, 8]. 

In our study, in the OCT evaluation of the patients; Subfoveal 
choroidal thickness measurements were found to be 
significantly lower in both eyes of the FMS group compared to 
the healthy control group. However, the retinal nerve fiber layer, 
ganglion cell layer thickness and macular thickness were similar 
in both groups. 

Compared with the healthy control group, total oxidant status 
and total antioxidant status were significantly higher in the 
group with FMS, but there was no significant difference in 
the oxidative stress index. In addition, while native thiol, total 
thiol and disulfide levels were high in patients with FMS, there 
was no significant difference between disulfide/native thiol, 


disulfide/total thiol, and native thiol/total thiol ratios. 


Table 1. Comparison of General Demographic and Eye Findings of FMS Patients and Healthy Controls 


FMS (N=39) 


Control (N=41) 


Age (years) 

Body Mass Index(kg/m?) 
Smoking (yes/no) 

Regular exercise (+/-) 

Martial Status (single/married) 
Work status(+/-) 


FMS Duration (months) 


FIQ 
VAS Pain 

right 
Intraocular Pressure (mm Hg) 

left 

right 
Retinal Nerve Fiber Layer (tm) 

left 

right 
Ganglion Cell Layer Thickness (um) 

left 

right 
Subfoveal Choroidal Thickness(um) 

left 

right 
Macular Thickness(m) 

left 


TAS (mol Trolox Equiv/l) 
TOS (umol H202 Equiv/!) 
OSI (arbitrary unit) 
Native Tiol (umol/L) 

Total Tiol (umol /L) 
Disulphide (pmol/L) 
Disulphide/Native Tiol (%) 


Disulphide/Total Tiol (%) 


35,2+7,4 (20-49) 33,546,3 (21-44) 0,28 
23,942,9 25,042,7 0,078 
Agu31 May.36 0,313 
Sub.39 Mar.41 1 
Tem.32 13/28 0,2 
Sub.37 23/18 <0,001 
24 (1-60) - 7 
70 (2-97) ¢ e 
8 (0-10) Z es 
15,0#2,3 14,842,5 0,756 
14,743,1 14,842,3 0,854 
105,4+7,0 104,7+9,0 0,73 
105,6#7,9 104,5+9,0 0,571 
13,5#2,1 13,542,5 0,964 
13,9+3,1 13,642,6 0,626 
302,6417,7 321,0412,4 <0,001 
308,4417,5* 321,8412.1 <0,001 
260,0+13,0 258,2+16,0 0,584 
261,7417,0 258,5417,1 0,407 
1,47+0,30 1,27+0,45 0,03 
11,2+2,50 6,7341,91 <0,001 
1,61+0,50 1,4341,61 0,513 
437,0498,6 380,84116,2 0,023 
548,0+147,1 465,84147.3 0,015 
55,5427,5 42,5420,9 0,019 
12,325,3 11,3449 0,403 
9,5643,50 9,0+3,1 0,43 


FMS: Fibromiyalgia Syndrome *p<0.001 between left and right eye FMS: Fibromiyalgia Syndrome TAS: Total antioxidant status TOS: Total oxidant status OSI: Oxidative stress index 
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No correlation was observed between subfoveal choroidal 
thicknesses and age, disease duration, FIQ, VAS and oxidative 
stress parameters in the group with FMS. A positive correlation 
was detected with native thiol and total thiol only in the left 
eyes of the healthy group. Native thiol and total thiol levels were 
negatively correlated with age in both groups. No correlation 


was found between TAS, TOS and OSI values and thiol/disulfide 


homeostasis parameters in both groups. 

Ulusoy et al. He measured the eye choroidal thickness of 
patients with FMS with OCT [5]. In addition to the subfoveal 
region, which was our measurement site, he also examined the 
nasal and temporal areas. The finding of significant thinning in 
the choroidal thickness of the eyes in all three regions of the 
patients with FMS was considered as a result consistent with 


Table 2. Correlations of FMS and Healthy Control Group Demographic and Laboratory Examinations 


Native Tiol Total Tiol 


Disulphide 


0,190 0,214 0,416 0,421 0,46 0,141 0,626 0,006 0,036 0,011 0,032 0,067 0,09 
Age 
0,13 -0,133 -0,119 -0,24 0,078 -0,435 -0,328 -0,402 -0,335 -0,296 -0,268 
0,499 0,639 0,104 0,199 0,283 0,645 0,114 0,508 0,038 0,718 0,007 0,574 
BMI 
Oe 0,075 -0,264 0,205 -0,176 0,074 -0,257 0,106 -0,333 0,058 -0,428 -0,09 
0,034 0,481 0,136 0,189 0,208 0,312 
FMS Duration 
0,34 -116 -0,243 -0,215 -0,206 -0,166 
0,052 0,549 0,044 0,268 0,259 0,305 
FIQ 
=0,515 0,099 0,324 -0,182 -0,185 -0,169 
0,118 0,545 0,11 0,548 0,546 0,593 
VAS 
-0,254 0,1 0,26 -0,099 -0,1 -0,088 
0,217 0,609 0,842 0,137 0,524 0,699 0,4 0,005 0,563 0,002 0,967 0,001 
Left IOP& 
-0,202 0,082 -0,033 0,236 0,105 -0,062 -0,139 0,428 -0,096 0,474 -0,007 0,474 
0,418 0,837 0,712 0,036 0,777 0,6754 0,266 0,555 0,3 0,608 0,439 869 
Right |OP& 
-0,133 -0,033 -0,061 0,328 0,047 -0,05 -0,183 0,095 -0,17 0,092 -0,127 0,027 
0,258 0,797 0,521 0,853 0,175 0,121 0,649 0,024 0,703 0,037 0,838 0,278 
Left eye RNFL 
-0,186 -0,041 0,106 0,03 0,222 0,246 0,075 -0;552 0,063 =0/527 0,034 -0,174 
0,136 0,751 0,428 0,76 0,073 0,135 0,905 0,021 0,896 0,043 0,893 0,456 
Right eye RNFL 
-0,243 -0,051 0,131 -0,049 0,291 0,238 -0,02 -0,359 -0,022 -0,317 -0,022 -0,12 
0,341 0,907 0,363 0,754 0,989 0,783 0,937 0,601 0,866 0, 488 0,756 0,322 
Left eye GCLT 
-0,156 -0,019 -0,15 0,051 -0,002 -0,044 0,013 -0,084 0,028 =O; 0,051 =0)159) 
0,578 0,559 0,981 0,777 0,795 0,323 0,707 0,341 (0,535: 0,295 0,319 0,299 
Right eye GCLT 
-0,092 0,094 -0,004 0,047 0,043 -0,158 0,062 -0,1535 0,103 -0,167 0,164 -0,166 
0,572 0,646 0,237 0,973 0,626 0,424 0,477 0,01 0,475 0,017 0,526 0,216 
Left eye CT* 
-0,093 0,074 -0,194 0,005 -0,08 -0,128 =0,117 O)597 -0,118 0,369 -0,105 0,197 
0,59 0,123 0,289 0,913 0,596 0,17 0,948 0,089 0,99 0,058 0,933 0,054 
Right eye CT* 
-0,089 0,245 -0,174 0,018 -0,088 -0,219 0,011 0,219 0,002 0,298 -0,014 0,303 
0,043 0,09 0,789 0,411 Oo 0,481 0,922 0,433 0,878 0,385 0,814 ONS79) 
Left eye Macula Thickness 
=0)525 0,269 -0,042 0,132 0,139 =0)115 0,016 -0,126 0,025 =0)139 0,039 -0,141 
0,04 0,153 0,801 0,425 0,364 0,453 0,717 0,3 0,814 0,284 0,984 0,223 
Right eye Macula Thickness 
-0,331 0,227 -0,042 0,128 0,149 -0,12 -0,06 -0,166 -0,039 -0,186 0,003 -0,195 
FMS: Fibromyalgia Syndrome BMI: Body Mass Index IOP: Intraocular Pressure RNFL: Retinal Nerve Fiber Layer GHKK: Ganglion Cell Layer Thickness *Subfoveal region measurement CT: 


Choroid Thickness 


Table 3. The Relationship of FMS Presence with Oxidant and Antioxidant Parameters and Subfoveal Choroidal Thickness after 
Excluding the Effects of Age, BMI, Smoking Status 


Smoking 
TAS 0.155 0.060 -0.200 0.278* 0.362 0.131 
TOS -0.088 -0.016 -0.058 O/22==~ OnAy, 0.514 
Native Tiol -0.346** -0.014 -0.182 0.364** 0.508 0.258 
Total Tiol -0.317** -0.106 -0.178 O57" 0.520 0.270 
Disulphide -0.195 -0.292** -0.136 0.277* 0.509 0.259 
Right choroid subfoveal thickness 0.080 0.057 -0.077 -0.502*** O527; 0.278 
Left choroid subfoveal thickness 0.065 0.113 -0.080 -0.370** 0.423 0.179 


FMS: Fibromyalgia Syndrome & FMS compared to healthy contro! BMI: Body mass index TAS: Total antioxidant status, TOS: Total oxidant status, OSI: Oxidative stress index * p<0.05, ** 
p<0.01, ***p<0.001 
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our study. 

Endothelial dysfunction may occur in patients with FMS due 
to an overactive sympathetic nervous system. Choroidal layer 
thickness may be affected in these patients, since the control 
of choroidal blood flow is carried out by the autonomic nervous 
system and autonomic nervous system changes are observed 
in FMS. Sympathetic stimulation causes vasoconstriction 
and decreases choroidal blood flow, while parasympathetic 
stimulation increases blood flow by causing vasodilation via 
nitrous oxide. It has been shown that there is also a decrease 
in optic disc perfusion in patients with FMS. In patients with 
FMS, worsening of endothelial functions and arterial elasticity 
features was detected with the increase in FIQ score [9,10]. 
Endothelial dysfunction may have resulted in choroidal ischemia, 
resulting in thinning of the choroidal layer with an extensive 
vascular network. Thinning of the choroidal layer has also been 
detected in diseases that cause high sympathetic activity, such 
as chronic heart failure and coronary artery disease [11,12]. 
We believe that measuring the thickness of the choroidal layer 
of the eye with OCT, which is a non-invasive method in FMS 
patients, may be a stimulant for both the diagnosis of the 
disease and the prevention of future complications secondary 
to autonomic nervous system dysfunction. 

In our study, there was no significant difference between the FMS 
and healthy groups in the retinal nerve fiber layer, ganglion cell 
layer and macular thickness. Garcia et al. OCT measurements of 
patients with FMS detected a significant thinning in the retinal 
nerve fiber layer, inner plexiform layer, and ganglion cell layers 
compared to the healthy group [6]. As a result of this study, in 
which the thickness of the choroid and macula layers was not 
evaluated, they mentioned the presence of axonal damage in 
the optic nerve due to thinning of the RNFL, and stated that it 
suggests the presence of neurodegenerative processes in FMS 
[6]. The fact that current OCT findings are not similar to our 
study may be related to patient selection. 

Aktekin et al. reported that there was no significant difference 
in native thiol, total thiol, disulfide levels, disulfite/native thiol, 
disulfide/total thiol and native thiol/total thiol ratios, TAS, TOS, 
and OSI values between FMS patients and the control group 
[9]. As a result of their studies, they stated that they found that 
oxidative stress did not increase in FMS patients. In our study, 
we did not find a significant difference in OSI values, DS/NT, 
DS/TT and NT/TT ratios between FMS patients and healthy 
controls. Again, similar to the aforementioned study, we did 
not detect any correlation between TAS, TOS, OSI and thiol/ 
disulfide balance parameters. Bozkurt et al. found a positive 
correlation between the FIQ values and TOS and OSI values 
of patients with FMS in their studies, but they did not detect 
a relationship with TAS [13]. In our study, the OSI value of the 
group with a FIQ value of >50 was significantly higher. 

Unlike Bozkurt et al., there was no difference between the high 
FIQ group and the low group in terms of TOS, while the TAS 
level of the high group was low. Two studies show that there 
is a relationship between the severity of the disease and the 
oxidative stress state in FMS. 

Antioxidants may be increased to prevent increased oxidative 
load in mitochondria from causing oxidative damage and 
deterioration [14]. Although the TOS level was significantly 


higher in the group with FMS in our study, we believe that 
the less significantly higher TAS level can be considered as 
an increased antioxidant status in response to the increased 
oxidant status. Since the patient group included in the study 
was relatively young, the OSI value may have been normal by 
providing compensation for the oxidation response. 

Perhaps, if the older patient group had been chosen, antioxidant 
compensation would not have been sufficient and the OSI value 
would have been high. Fidan et al. and Karatas et al. found 
similar results in their studies. They showed that the native 
thiol level and native thiol/total thiol ratio increased, while the 
disulfide level and disulfide/native thiol and disulfide/total thiol 
ratios decreased in those with FMS [15,16]. In both studies, the 
mean age and BMI of patients with FMS were considerably 
higher than in our study. While Fidan et al. did not include any 
information about smoking in their study, Karatas et al. They 
stated that smoking status of FMS and the healthy group was 
similar. Fidan et al. Considering the thiol/disulfide balance, 
they stated that their results are compatible with the views 
supporting that FMS is more suitable for proliferative diseases 
than degenerative diseases and that oxidative stress does not 
increase. 

As can be seen from these results, the results of the few studies 
examining the thiol/disulfide balance in FMS are contradictory 
[17], and it is clear that new studies with a high number of 
participants are needed. 

The main limitation of our study was the relatively small number 
of participants. In addition, although smoking status was similar 
in the healthy and FMS group, the age, duration and amount 
of starting smoking were not evaluated. Another limitation of 
the study was the possibility that most of the patients in the 
FMS group were using drugs, which might affect the results. 
In addition, the lack of similar studies caused difficulties in 
comparing the results. 

Conclusion 

In our study, for the first time, eye OCT findings of patients with 
FMS and blood oxidant-antioxidant parameters were examined 
together. Subfoveal choroidal thickness measurements were 
significantly lower in the patient group with FMS. In addition, 
we found that there was no significant difference in the retinal 
nerve fiber layer, ganglion cell layer thickness and macular 
thickness. 
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